In algae and plant leaves, two molecular forms of GS3 (Lglutamate:ammonia ligase [adenosine 5'-diphosphate forming], EC 6.3.1.2) have been found (2, 5, 15) . The enzymes are present in different intracellular compartments. GS, is present in the cytosol and GS,, is located in the chloroplasts in plant leaves (15) . In algae, the intracellular compartmentation of both enzymes remains to be determined. A detailed comparison of purified GS, and GS,, is of interest considering the important roles both enzymes play in photosynthetic organisms. Not only is GS involved in primary ammonia assimilation but it also is responsible for the detoxification of NH3 produced during photorespiration via the glycine/serine pathway of glycolate metabolism (1 1). It is presently being debated whether GS,, GS,,, or both enzymes are involved in the latter process (2, 15) . In this paper, we report the purification and characterization ofGS, and GS,, from a mutant of C. sorokiniana which has an increased capacity for the metabolism of glycolate via the glycine/serine pathway. In addition, this organism exhibits an efficient GSmediated assimilation of NH3 produced during photorespiration (1, 2 2% CO2 was supplied to the culture. Medium composition has been described (24) .
Purification of Glutamine Synthetase. Thirty liters of culture yielding 40 g of cells (wet weight) were harvested rapidly with the aid of a Pellicon Cassette System (Millipore) and concentrated to I L in 25 mM Tris/CI buffer containing 5 mM MgCl2, 10 mm Na-glutamate, 10 mM 2-mercaptoethanol, and 1 mM EDTA, pH 7.6 (isolation buffer). Cells were washed in this buffer and disrupted in a French pressure cell (4°C, at 20,000 p.s.i.) for four consecutive cycles. The debris was removed by ultracentrifugation at 60,000g for 60 min (4°C) in a Beckman 70 Ti rotor. The 100 ml supernatant was applied to a 30 x 2.5 cm DEAESephacel column equilibrated in isolation buffer (4°C). Proteins were eluted with a linear gradient of 0 to 400 mM NaCl (total volume, 400 ml) in isolation buffer. Fractions of 5 ml were collected at a flow rate of 20 ml * h-'. Active fractions from both peaks were pooled and (NH4)2SO4 added to 25% (w/v). Solutions were incubated for 30 min at 0°C prior to application to an Octyl-Sepharose column equilibrated in isolation buffer containing 25% (w/v) (NH4)2SO4 (4°C). Proteins were eluted with a linear gradient of decreasing (NH4)2SO4 (25-0% w/v) and increasing ethylene glycol concentrations (0-50% v/v) in isolation buffer (4°C). Active fractions were pooled, concentrated by ultrafiltration, and dialyzed overnight in isolation buffer at 4°C. The dialyzed protein solutions were layered on a 35-ml linear gradient of 0.4 to 0.9 M sucrose in isolation buffer. The sucrose gradients were subjected to ultracentrifugation for 40 h at 83,000g (4°C); l-ml fractions were collected from the bottom of the tube.
Glutamine Synthetase. GS was assayed, using the synthetic reaction, and is based on the formation of -y-glutamylhydroxamate. The assay mixture consisted of 25 mm Tris/Cl buffer, 45 mM MgSO4, 100 mm Na-glutamate, 18 mM ATP, and 6 mM hydroxylamine (13) . Glutamate-dependent Pi release (the biosynthetic assay) was also followed (13) . Assays (21) . Tryptophan was measured spectrophotometrically (6) .
RESULTS
Purification of GS, and GS,,. DEAE-Sephacel chromatography of Chlorella extracts yielded two separate activity peaks. The enzyme eluting at the lower NaCl concentration is termed GS, whereas GS,, eluted at a higher salt concentration (2) . Reapplication of either GS, or GS,, to a second DEAE-Sephacel column resulted in only one activity peak. This clearly indicates that the separation of GS, and GS,, is not an isolation artifact.
GS, was purified 224-fold to homogeneity (Table I ; Fig. 1 ). GS,, was purified 178-fold but contained minor contaminants as shown by SDS-PAGE (Table I ; Fig. 1 ). Subunit MW of 47,000 and 43,000 were determined for GS, and GS,,, respectively, after comparison of the mobilities of the stained dissociated enzymes to the mobility of MW standards (Fig. 1) .
Electrophoretic determination of the native MW of the two enzymes yielded a value of 398,000 for GS, and 360,000 for GS,,. (Fig. 2) , and affinity constants for NH4', ATP, and glutamate GLUTAMINE SYNTHETASE ISOFORMS FROM CHLORELLA (Table III) . Glutamate, at high concentrations, also served as an activator (Fig. 3) . The Km for NH4+ varied somewhat from purification to purification, but was consistently between 20 and 50 uM. Amino acids had only slight inhibitory effects on the synthetic activity of both enzymes (Table IV) react with both GS, and GS,,. Antibodies raised against GS, only react with GS, and not with GS,, (results not shown).
DISCUSSION
All results obtained indicate that GS, and GS,, are very closely related isoenzymes. The only major difference between both enzymes is the difference in the MW of the subunits, with GS, slightly larger than GS,,. In higher plants, GS, is located in the cytosol whereas GS,, is a chloroplast enzyme (15) . Since both enzymes have such similar properties in Chlorella, it seems reasonable to assume that GS,, is a product of posttranslational processing of GS,. Current research is directed at resolving this question. Since antibodies raised against GS,, cross-react with GS, enzyme but not vice versa, we speculate that the antigenic determinants of GS, are located on the leader sequence. We cannot, however exclude the possibility that there are separate genes encoding the different size subunits of GS, and GS,,. Certainly, a well described example of posttranslational processing of a chloroplast localized protein is the small subunit of ribulose l,5-bisP carboxylase, which is synthesized as a 20,000 MW precursor on free cytoplasmic ribosomes. This precursor is then processed upon gaining entry into the chloroplast with the production of a mature subunit of about 13,000 MW (4, 9) . Recently, it was suggested that chicken cytosolic GS and mitochondrial GS are encoded for by the same gene and that their ultimate subcellular destination is posttranslationally determined (18) .
Photorespiration is considered by some to be a wasteful process limiting plant productivity (23) . However, at least in Chlorella, due to the activity of ribulose 1,5-bisP oxygenase, an important redistribution of fixed carbon may be accomplished and is dependent on the nitrogen status of the cell (2). In nature, several strategies have evolved to overcome the process of photorespiration. For example, the C4-pathway in plants acts as a mechanism to concentrate CO2 near the active center of ribulose bisP carboxylase/oxygenase and this also serves to decrease the activity of ribulose bisP oxygenase (7) . In Chlamydomonas, HCO3 transport and carbonic anhydrase activity are derepressed under CO2 limiting conditions, resulting in a dramatic increase in the intracellular CO2 concentration (20) . Despite an extensive search, no oxygenase-deficient ribulose bisP carboxylase has thus far been found (19) . The OR actually increases the rate of photorespiration since it metabolizes more ofthe glycolate produced than wild-type cells due to higher levels of enzymes of the glycine-serine pathway. Consequently, it excretes less glycolate than wild-type cells (1) . The mutant also exhibits a more efficient removal of ammonia that is produced during photorespiration, correlating with the relatively high levels of GS,, in this organism as compared with wild-type cells (2) . Since GS, and GS,, show very similar characteristics, it is concluded that the location of GS,, in the chloroplast rather than any alteration of its catalytic properties renders it more efficient in detoxifying NH3 than GS,, which is present in the cytosol (15) . In chloroplasts, reduced thioredoxins are present which markedly activate GS in Chlorella (22) . As previously discussed (2), it seems more logical that GS, might play a major role in the reassimilation ofphotorespiratory produced ammonia. However, after screening C3, C3-C4 intermediate, and C4 plants, it was found that GS,, is most abundant (and in some cases the only isozyme) in C3 plants, which show relatively high rates of photorespiration (10, 16) . These findings strongly suggest that GS,, rather than GS, is involved in this process. GS, may thus be responsible for glutamine synthesis in the dark, which is supported by the observation that dark incubation of Chlamydomonas cells results in the disappearance of GS,, and a concomitant increase in the level of GS, (5) . We are currently engaged in defining the physiological role of the two glutamine synthetase isoforms in Chlorella.
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